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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ɿʘ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʧʫʣʷʮʠʦʥʥʘʷ 

ʛʝʥʝʪʠʢʘ ʧʨʠʦʙʨʝʣʘ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʚ ʚʠʜʝ ʤʘʨʢʝʨʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 

ɼʅʂ (ʤʪɼʅʂ) ʠ Y-ʭʨʦʤʦʩʦʤʳ ʜʣʷ ʧʦʠʩʢʘ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ ʦ ʧʨʦʰʣʦʤ 

ʯʝʣʦʚʝʯʝʩʪʚʘ, ʢʘʩʘʶʱʠʝʩʷ ʜʦʠʩʪʦʨʠʯʝʩʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʠʛʨʘʮʠʡ, 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʨʝʮʠʧʨʦʢʥʦʛʦ ʧʦʪʦʢʘ ʛʝʥʦʚ ʚ ʧʦʧʫʣʷʮʠʷʭ [Underhill, 

Kivisild, 2007]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʘʨʢʝʨʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʪʘʢʞʝ 

çʦʜʥʦʨʦʜʠʪʝʣʴʩʢʠʤʠè, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʘʨʭʝʦʛʝʥʝʪʠʢʠ, 

ʦʩʥʦʚʳ ʢʦʪʦʨʦʡ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʂʘʚʘʣʣʠ-ʉʬʦʨʮʦʡ ʝʱʝ ʚ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ [Cavalli-Sforza, 1973; Cavalli-Sforza, 1998; Cavalli-Sforza, Feldman, 2003; 

Torroni et al., 2006]. ɺʧʦʩʣʝʜʩʪʚʠʠ, ʚ ʨʘʙʦʪʘʭ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʧʨʦʙʣʝʤʳ 

ʬʠʣʦʛʝʦʛʨʘʬʠʠ ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʡ ʤʪɼʅʂ ʠ Y-ʭʨʦʤʦʩʦʤʳ, ʙʳʣʠ ʦʭʚʘʯʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʨʝʛʠʦʥʳ ʤʠʨʘ, ʚʢʣʶʯʘʷ ɸʬʨʠʢʫ [Cann et al., 1987; Arredi et al., 2004; 

Quintana-Murci et al., 2008], ɽʚʨʦʧʫ [Richards et al., 1998; Richards, Macaulay, 2000; 

Torroni et al., 2001; Balanovsky et al., 2008; Malyarchuk et al., 2008; Balaresque et al., 

2010; Wozniak et al., 2010], ʇʝʨʝʜʥʶʶ ɸʟʠʶ [Al -Zahery et al., 2003; Cinnioglu et al., 

2004; Abu-Amero et al., 2008; Cadenas et al., 2008; Abu-Amero et al., 2009], 

ʎʝʥʪʨʘʣʴʥʫʶ, ʖʞʥʫʶ ʠ ɺʦʩʪʦʯʥʫʶ ɸʟʠʶ [Su et al., 2000; Kivisild et al., 2003; 

Comas et al., 2004; Macaulay et al., 2005; Kivisild et al., 2006; Kong et al., 2006], 

ʉʠʙʠʨʴ [Stepanov, 2002; Starikovskaya et al., 2005; ɼʝʨʝʥʢʦ, 2009] ʠ ɸʤʝʨʠʢʫ 

[Torroni et al., 1994a; Soares et al., 2008; Perego et al., 2009]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʂʘʚʢʘʟʘ, 

ʠʟʚʝʩʪʥʘ ʮʝʣʘʷ ʩʝʨʠʷ ʛʝʥʝʪʠʢʦ-ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʠ ʛʝʥʝʪʠʢʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʧʫʣʷʮʠʷʭ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ [Nasidze, Stoneking, 2001; Bulayeva et 

al., 2003; Nasidze et al., 2003; Nasidze et al., 2004; ɹʫʣʘʝʚʘ, 2004; Bulayeva et al., 

2005; Bulayeva et al., 2006; ʇʦʯʝʰʭʦʚʘ, 2007; ʇʦʯʝʰʭʦʚʘ, 2008]. ɺ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ 

ʟʘʪʨʘʛʠʚʘʣʠʩʴ ʘʩʧʝʢʪʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʂʘʚʢʘʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʤʘʨʢʝʨʦʚ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʝʥʦʬʦʥʜʘ ʥʘʨʦʜʦʚ 

ʂʘʚʢʘʟʘ ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʠ ʦʜʥʦʟʥʘʯʥʦʡ ʦʮʝʥʢʠ. ʕʪʠ ʨʘʙʦʪr  ʥʝʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ 

ʦʩʚʝʱʘʣʠ ʧʨʦʙʣʝʤʫ ʟʘʩʝʣʝʥʠʷ ʂʘʚʢʘʟʘ ʘʥʘʪʦʤʠʯʝʩʢʠ ʩʦʚʨʝʤʝʥʥʳʤ ʯʝʣʦʚʝʢʦʤ, ʚ 

ʚʠʜʫ ʪʦʛʦ ʯʪʦ ʦʥʠ ʢʘʩʘʣʠʩʴ ʣʠʙʦ ʧʨʦʙʣʝʤʳ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚ 

ɼʘʛʝʩʪʘʥʝ [Bulayeva et al., 2003; Bulayeva, 2006], ʣʠʙʦ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ [Nasidze et al., 2003; 

Nasidze et al., 2004], ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʥʠʤʘʥʠʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʘʥʥʳʭ 

ʧʦʧʫʣʷʮʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʡ ʘʩʧʝʢʪ ʠʟʫʯʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ ï ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʝʥʦʬʦʥʜʘ - ʧʦʢʘ 

ʦʩʪʘʝʪʩʷ ʥʝ ʨʝʰʝʥʥʳʤ. ʅʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʳʤ ʠ ʧʨʦʜʫʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʚ 

ʠʟʫʯʝʥʠʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʤʘʨʢʝʨʦʚ ʢʘʢ Y-ʭʨʦʤʦʩʦʤʳ, ʪʘʢ ʠ ʤʪɼʅʂ, ʘ ʪʘʢʞʝ ʘʫʪʦʩʦʤʥʳʭ Alu ʠʥʩʝʨʮʠʡ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʨʘʩʩʤʦʪʨʝʪʴ ʛʝʥʦʬʦʥʜ ʢʘʢ ʧʦ ʞʝʥʩʢʦʡ ʠ ʤʫʞʩʢʦʡ ʣʠʥʠʷʤ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ. 

ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʩʪʦʨʠʠ ʤʘʪʝʨʠʥʩʢʦʛʦ ʠ ʦʪʮʦʚʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʧʦʧʫʣʷʮʠʠ ʤʦʛʫʪ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦ ʦʪʣʠʯʘʪʴʩʷ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʢ ʧʨʠʤʝʨʫ, ʚ 

ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʘʥʘʣʠʟʫ ʛʘʧʣʦʛʨʫʧʧʳ R1b1b2-M269 Y-ʭʨʦʤʦʩʦʤʳ 

[Balaresque et al., 2010], ʧʦʜʦʙʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ 

ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʦʮʝʥʢʦʡ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʂʘʚʢʘʟʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʝʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʚ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʚ ʩʠʣʫ ʝʛʦ ʩʚʷʟʫʶʱʝʛʦ 

ʧʦʣʦʞʝʥʠ ̫ ʤʝʞʜʫ ɽʚʨʦʧʦʡ ʠ ʇʝʨʝʜʥʝʡ ɸʟʠʝʡ, ʠʟʜʘʚʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʜʘʥʥʦʤʫ ʨʝʛʠʦʥʫ [ɸʥʯʘʙʘʜʟʝ, ɸʨʛʫʥ, 

2007]. ʀʟʜʨʝʚʣʝ ʥʘ ʂʘʚʢʘʟ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʜʚʘ ʧʫʪʠ. ɺʦʩʪʦʯʥʳʡ ʚʝʣ ʠʟ ʉʝʚʝʨʥʦʡ 

ʄʝʩʦʧʦʪʘʤʠʠ ʯʝʨʝʟ ʄʘʣʳʡ ʂʘʚʢʘʟ ʚ ʙʘʩʩʝʡʥʳ ʂʫʨʳ ʠ ɸʨʘʢʩʘ, ʦʪʢʫʜʘ, ʦʙʦʛʥʫʚ 

ʶʞʥʳʝ ʦʪʨʦʛʠ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʩʢʦʛʦ ʭʨʝʙʪʘ, ʯʝʣʦʚʝʢ ʧʨʦʥʠʢ ʚ ɼʘʛʝʩʪʘʥ ʠ 

ʟʘʧʘʜʥʳʡ ʇʨʠʢʘʩʧʠʡ [ʌʝʜʦʨʦʚ, 1983]. ɺʪʦʨʦʡ ʧʫʪʴ, ʟʘʧʘʜʥʳʡ, ʚʝʣ ʚ ʂʘʚʢʘʟʩʢʦʝ 

ʇʨʠʯʝʨʥʦʤʦʨʴʝ, ʚ ʩʦʚʨʝʤʝʥʥʫʶ ɸʙʭʘʟʠʶ. ʕʪʦʪ ʧʫʪʴ ʝʱʝ ʚ ʧʘʣʝʦʣʠʪʝ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʦʩʦʙʦʛʦ ʩʧʦʩʦʙʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʤʝʥʥʳʭ 

ʦʨʫʜʠʡ ï ʠʟ ʦʪʱʝʧʦʚ ʢʨʝʤʥʷ. ʊʘʢʦʡ ʧʨʠʝʤ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʘʙʭʘʟʩʢʠʭ ʜʨʝʚʥʦʩʪʝʡ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʨʘʥʥʝʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʄʘʣʦʡ ɸʟʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ 

ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʜʨʝʚʥʝʡʰʠʝ ʩʚʷʟʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʚʢʘʟʘ ʩ ʇʝʨʝʜʥʝʡ ɸʟʠʝʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʠʤʝʥʥʦ ʯʝʨʝʟ ɺʦʩʪʦʯʥʫʶ ɸʥʘʪʦʣʠʶ [ʌʝʜʦʨʦʚ, 1983]. 

ʇʦʤʠʤʦ ʜʘʥʥʳʭ ʧʫʪʝʡ, ʦʯʝʚʠʜʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʚ ʧʦʣʴʟʫ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʜʥʝʘʟʠʘʪʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʂʘʚʢʘʟ, ʪʝʩʥʘʷ ʙʣʠʟʦʩʪʴ ʩ 

ʧʦʧʫʣʷʮʠʷʤʠ ʚʦʩʪʦʯʥʦʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ ʪʘʢʞʝ ʤʦʛʣʘ ʦʩʪʘʚʠʪʴ ʩʣʝʜʳ ʚ 

ʛʝʥʝʪʠʯʝʩʢʦʤ ʧʫʣʝ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʨʫʩʩʢʠʝ ʠ 

ʫʢʨʘʠʥʮʳ ʩʦʩʪʘʚʣʷʶʪ ʟʘʤʝʪʥʫʶ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʂʘʚʢʘʟʘ, ʧʨʠ ʪʦʤ ʯʪʦ ʠʭ ʚʣʠʷʥʠʝ 

ʥʘ ʵʪʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ [ʃʘʚʨʦʚ, 1978]. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʠʩʧʳʪʘʣ ʚʣʠʷʥʠʝ ʢʦʯʝʚʳʭ ʧʣʝʤʝʥ ʚ ʵʧʦʭʫ çʚʝʣʠʢʦʛʦ ʧʝʨʝʩʝʣʝʥʠʷ ʥʘʨʦʜʦʚè, ʚ 

ʯʘʩʪʥʦʩʪʠ ʪʶʨʢʩʢʠʭ [ʌʝʜʦʨʦʚ, 1978; ʇʠʦʪʨʦʚʩʢʠʡ, 1988]. ʊʦ ʝʩʪʴ, ʚʦʧʨʦʩ ʦ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʦʧʫʣʷʮʠʡ ʂʘʚʢʘʟʘ ʚʩʝ ʝʱʝ ʜʘʣʝʢ ʦʪ 

ʨʘʟʨʝʰʝʥʠʷ, ʠ ʜʝʙʘʪʳ ʦ ʩʪʘʥʦʚʣʝʥʠʠ ʢʦʨʝʥʥʳʭ ʵʪʥʦʩʦʚ ʂʘʚʢʘʟʘ ʧʨʦʜʦʣʞʘʶʪʩʷ. 

ɼʣʷ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʵʪʥʦʛʝʥʝʟʘ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ, ʘ 

ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʥʝʦʙʭʦʜʠʤʳ ʜʝʪʘʣʴʥʳʝ 

ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʠ Y-ʭʨʦʤʦʩʦʤʳ, ʯʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ɼʅʂ-ʤʘʨʢʝʨʦʚ, ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʩ ʚʳʩʦʢʠʤ ʬʠʣʦʛʝʥʝʪʠʯʩʝʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʘ 
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ʪʘʢʞʝ ʘʥʘʣʠʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʠʟʫʯʘʝʤʳʭ ʧʦʧʫʣʷʮʠʡ. ʄʘʩʰʪʘʙʥʳʝ 

ʵʪʥʦʛʝʥʦʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʛʝʥʦʬʦʥʜ ʢʦʨʝʥʥʳʭ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʙʳ ʢʘʢ ʮʝʣʦʩʪʥʘʷ ʩʠʩʪʝʤʘ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ɺ ʩʚʷʟʠ ʩ 

ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʨʫʢʪʫʨʳ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʝʥʦʬʦʥʜʦʚ ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʂʘʚʢʘʟʘ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʪɼʅʂ, Y-ʭʨʦʤʦʩʦʤʳ ʠ Alu ʠʥʩʝʨʮʠʡ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʛʝʥʦʬʦʥʜʘ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ ʩ 

ʧʦʤʦʱʴʶ ʪʨʝʭ ʩʠʩʪʝʤ ʤʘʨʢʝʨʦʚ: Y-ʭʨʦʤʦʩʦʤʳ, ʤʪɼʅʂ ʠ Alu-ʠʥʩʝʨʮʠʡ. 

2. ʆʧʨʝʜʝʣʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʧʘʜʥʦ- ʠ ʚʦʩʪʦʯʥʦʝʚʨʘʟʠʡʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʛʝʥʦʬʦʥʜʝ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ ʧʦ ʤʘʪʝʨʠʥʩʢʠʤ ʠ ʦʪʮʦʚʩʢʠʤ ʣʠʥʠʷʤ. 

3. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʮʝʣʳʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʤʪɼʅʂ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʬʠʣʦʛʝʥʠʶ ʛʘʧʣʦʛʨʫʧʧʳ H ʤʪɼʅʂ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ 

ʛʝʥʦʬʦʥʜʝ ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ ʂʘʚʢʘʟʘ ʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ, ʦʮʝʥʠʪʴ ʛʝʥʝʪʠʯʝʩʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʵʚʦʣʶʮʠʦʥʥʳʡ ʚʦʟʨʘʩʪ ʦʩʥʦʚʥʳʭ ʩʫʙʛʨʫʧʧ ʛʘʧʣʦʛʨʫʧʧʳ H. 

4. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʥʦʬʦʥʜʦʚ ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ ʂʘʚʢʘʟʘ. 

5. ʆʮʝʥʠʪʴ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʩʪʝʧʝʥʴ ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʧʦʧʫʣʷʮʠʡ ʂʘʚʢʘʟʘ ʧʦ ʜʘʥʥʳʤ ʦ ʧʦʣʠʤʦʨʬʠʟʤʝ ʤʪɼʅʂ, Y-ʭʨʦʤʦʩʦʤʳ ʠ 

ʘʫʪʦʩʦʤʥʳʭ Alu-ʠʥʩʝʨʮʠʡ. 

6. ʇʨʦʚʝʩʪʠ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ ʛʘʧʣʦʛʨʫʧʧ Y-ʭʨʦʤʦʩʦʤ rʠ ʤʪɼʅʂ. 

7. ɼʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʝʥʝʪʠʯʝʩʢʠʤ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ ʤʝʞʜʫ ʧʦʧʫʣʷʮʠʷʤʠ 

ʂʘʚʢʘʟʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʛʝʥʦʬʦʥʜʘ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ ʥʘ ʛʝʥʝʪʠʯʝʩʢʦʤ 

ʣʘʥʜʰʘʬʪʝ ɽʚʨʘʟʠʠ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʜʠʨʫʶʱʝʛʦ ʨʝʛʠʦʥʘ ʠ 

ʛʠʧʝʨʚʘʨʠʘʙʝʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ 1/2 ʤʪɼʅʂ, ʥʝʨʝʢʦʤʙʠʥʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ Y-

ʭʨʦʤʦʩʦʤʳ, ʘ ʪʘʢʞʝ ʘʫʪʦʩʦʤʥʳʭ Alu ʠʥʩʝʨʮʠʡ ʧʦʣʫʯʝʥʦ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠ 

ʧʦʜʨʦʙʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ ʂʘʚʢʘʟʘ 

(ʘʥʜʠʡʮʝʚ, ʘʚʘʨʮʝʚ, ʙʘʛʫʘʣʠʥʮʝʚ, ʯʘʤʘʣʠʥʮʝʚ, ʯʝʯʝʥʮʝʚ, ʜʘʨʛʠʥʮʝʚ, ʠʥʛʫʰʝʡ, 

ʢʫʤʳʢʦʚ, ʣʝʟʛʠʥ, ʪʘʙʘʩʘʨʘʥ, ʘʙʭʘʟʦʚ, ʘʨʤʷʥ, ʤʝʛʨʝʣʦʚ, ʶʞʥʳʭ ʠ ʩʝʚʝʨʥʳʭ ʦʩʝʪʠʥ, 

ʘʙʘʟʠʥ, ʘʜʳʛʝʡʮʝʚ, ʙʘʣʢʘʨʮʝʚ, ʯʝʨʢʝʩʦʚ, ʢʘʙʘʨʜʠʥʮʝʚ, ʢʘʨʘʯʘʝʚʮʝʚ, ʢʘʨʘʥʦʛʘʡʮʝʚ ʠ 

ʢʫʙʘʥʩʢʠʭ ʥʦʛʘʡʮʝʚ). 
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ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʪɼʅʂ ʠ Y-ʭʨʦʤʦʩʦʤ,r ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʩʪʝʧʝʥʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦʧʫʣʷʮʠʡ 

ʂʘʚʢʘʟʘ. 

ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ ʮʝʣʳʭ ʤʠʪʦʭʦʥʜʨʠʘʣʥɹʳʭ 

ʛʝʥʦʤʦʚ ʜʝʪʘʣʴʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʬʠʣʦʛʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ 

ɿʘʧʘʜʥʦʡ ɽʚʨʘʟʠʠ ʛʘʧʣʦʛʨʫʧʧʳ H, ʦʮʝʥʝʥʦ ʛʝʥʝʪʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ 

ʵʚʦʣʶʮʠʦʥʥʳʡ ʚʦʟʨʘʩʪ ʝʝ ʩʫʙʢʣʝʡʜʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ 

ʤʝʩʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʧʣʦʛʨʫʧʧʳ H ʤʪɼʅʂ ʷʚʣʷʝʪʩʷ ʪʝʨʨʠʪʦʨʠʷ ʖʞʥʦʛʦ 

ʂʘʚʢʘʟʘ/ʇʝʨʝʜʥʝʡ ɸʟʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʥʠʯʝʩʢʠʭ ʛʨʫʧʧ ʂʘʚʢʘʟʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ 

ʦʩʥʦʚʝ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʣʠʥʠʷʤʠ ʤʪɼʅʂ ʠ Y-ʭʨʦʤʦʩʦʤʳ ʧʝʨʝʜʥʝʘʟʠʘʪʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʨʝʡʬʦʤ ʛʝʥʦʚ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʪʯʝʪʣʠʚʦʛʦ ʧʦʪʦʢʘ ʛʝʥʦʚ ʠʟ ʧʦʧʫʣʷʮʠʡ 

ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʚ ʧʦʧʫʣʷʮʠʠ ʂʘʚʢʘʟʘ. 

ɺ ʮʝʣʦʤ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʷʶʪ ʠ 

ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʫʪʷʭ ʤʠʛʨʘʮʠʠ ʘʥʘʪʦʤʠʯʝʩʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ 

ʠ ʦʙʱʝʡ ʢʘʨʪʠʥʝ ʟʘʩʝʣʝʥʠʷ ɽʚʨʘʟʠʠ. 

 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʢʣʘʜʦʤ ʚ ʩʫʤʤʫ ʟʥʘʥʠʡ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʝʥʦʬʦʥʜʦʚ ʢʦʨʝʥʥʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʂʘʚʢʘʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʟʥʦʦʙʨʘʟʠʠ ʤʪɼʅʂ, Y-ʭʨʦʤʦʩʦʤʳ ʠ 

Alu ʠʥʩʝʨʮʠʡ ʚ ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ ʠʤʝʪʁ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʚ ʛʝʥʝʪʠʢʝ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʚ ʘʨʭʝʦʣʦʛʠʠ, ʠʩʪʦʨʠʠ, 

ʵʪʥʦʣʦʛʠʠ, ʘʥʪʨʦʧʦʣʦʛʠʠ ʠ ʣʠʥʛʚʠʩʪʠʢʝ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠʤʝʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʤʝʜʠʮʠʥʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʚʘʞʥʘ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʩʢʦʡ ʛʝʥʝʪʠʢʠ, ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʠ 

ʤʫʣʴʪʠʬʘʢʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɼʘʥʥʳʝ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʪɼʅʂ ʠ Y-ʭʨʦʤʦʩʦʤ r

ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʂʘʚʢʘʟʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʪʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʫʜʝʙʥʦ-

ʤʝʜʠʮʠʥʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ. ʉʦʟʜʘʥʥʘʷ ʢʦʣʣʝʢʮʠʷ ɼʅʂ ʧʦʧʫʣʷʮʠʡ ʂʘʚʢʘʟʘ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʧʫʣʷʮʠʦʥʥʳʭ, ʵʚʦʣʶʮʠʦʥʥʳʭ ʠ 

ʤʝʜʠʢʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʦʬʠʣʝʡ. 
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ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɻʝʥʦʬʦʥʜ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʚʦʩʪʦʯʥʦʝʚʨʘʟʠʡʩʢʠʭ ʠ ʟʘʧʘʜʥʦʝʚʨʘʟʠʡʩʢʠʭ ʣʠʥʠʡ ʤʪɼʅʂ ʠ Y-ʭʨʦʤʦʩʦʤ .r 

ɸʚʪʦʭʪʦʥʥʳʝ ʧʦʧʫʣʷʮʠʠ ʂʘʚʢʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʟʘʧʘʜʥʦʝʚʨʘʟʠʡʩʢʠʭ ʛʘʧʣʦʛʨʫʧʧ ʚ ʠʭ ʛʝʥʦʬʦʥʜʘʭ ʢʘʢ ʧʦ ʜʘʥʥʳʤ ʤʪɼʅʂ, ʪʘʢ ʠ 

ʧʦ ʜʘʥʥʳʤ Y-ʭʨʦʤʦʩʦʤʳ. 

2. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʤʝʩʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʘʧʣʦʛʨʫʧʧʳ H ʷʚʣʷʝʪʩʷ 

ʪʝʨʨʠʪʦʨʠʷ ʖʞʥʦʛʦ ʂʘʚʢʘʟʘ/ʇʝʨʝʜʥʝʡ ɸʟʠʠ. ɻʘʧʣʦʛʨʫʧʧʘ ʧʦʜʚʝʨʛʣʘʩʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʵʢʩʧʘʥʩʠʠ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʩ ʥʘʠʙʦʣʝʝ 

ʩʪʘʨʳʤʠ ʣʠʥʠʷʤʠ, ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʥʘ ʖʞʥʦʤ 

ʂʘʚʢʘʟʝ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ. ʇʦʩʣʝʜʫʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʵʢʩʧʘʥʩʠʷ ʛʘʧʣʦʛʨʫʧʧʳ ʅ ʧʨʦʠʟʦʰʣʘ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ 

ʤʘʢʩʠʤʫʤʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʳʷʚʣʝʥ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʦʢ ʛʝʥʦʚ ʠʟ 

ʖʞʥʦʛʦ ʂʘʚʢʘʟʘ/ʇʝʨʝʜʥʝʡ ɸʟʠʠ ʚ ʝʚʨʦʧʝʡʩʢʠʝ ʧʦʧʫʣʷʮʠʠ. 

3. ʇʦʧʫʣʷʮʠʠ ʂʘʚʢʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʵʪʦʛʦ ʨʝʛʠʦʥʘ 

ʧʨʦʬʠʣʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʛʘʧʣʦʛʨʫʧʧ Y-ʭʨʦʤʦʩʦʤʳ: ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ 

ʛʘʧʣʦʛʨʫʧʧ G-M201, J-12f2 ʠ R1-M173. 

4. ʇʦʧʫʣʷʮʠʠ ʂʘʚʢʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʤʝʞʧʦʧʫʣʷʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ.  

5. ʆʪʤʝʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ, ʥʦ ʦʪʯʝʪʣʠʚʳʡ ʧʦʪʦʢ ʛʝʥʦʚ ʠʟ ʧʦʧʫʣʷʮʠʡ 

ɺʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ ʚ ʢʘʚʢʘʟʩʢʠʝ ʧʦʧʫʣʷʮʠʠ. 

6. ɻʝʥʦʬʦʥʜ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ ʢʘʢ ʧʦ ʜʘʥʥʳʤ ʤʪɼʅʂ, ʪʘʢ ʠ ʧʦ ʜʘʥʥʳʤ Y-

ʭʨʦʤʦʩʦʤ r ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʤʠʛʨʘʮʠʡ ʩ 

ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ ʠ ʣʠʰʴ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘ ʩʯʝʪ ʤʠʛʨʘʮʠʠ 

ʠʟ ɺʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʨʝʡʬʦʤ ʛʝʥʦʚ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʚʢʘʟʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ. 

7. ʂʘʚʢʘʟ ʷʚʣʷʝʪʩʷ ʙʘʨʴʝʨʦʤ ʜʣʷ ʤʠʛʨʘʮʠʠ ʘʥʘʪʦʤʠʯʝʩʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ 

ʠʟ ɸʬʨʠʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ɽʚʨʘʟʠʠ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ Human Genome Meeting 

(Shanghai, 2002, Berlin 2004, Helsinki, 2006, Hyderabad, 2008), European human 

genetic conference (Strasbourg, 2002, Munich, 2004, Prague, 2005, Nice, 2007), III 

ʩʲʝʟʜʝ ɺʆɻʀʉ çɻʝʥʝʪʠʢʘ ʚ XXI ʚʝʢʝè (ʄʦʩʢʚʘ, 2004), V ʩʲʝʟʜʝ ʈʦʩʩʠʡʩʢʦʛʦ 

ʦʙʱʝʩʪʚʘ ʤʝʜʠʮʠʥʩʢʠʭ ʛʝʥʝʪʠʢʦʚ (ʋʬʘ, 2005), III ʩʲʝʟʜʝ ʦʙʱʝʩʪʚʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ 

ʈʦʩʩʠʠ ʠʤ. ʖ.ɸ.ʆʚʯʠʥʥʠʢʦʚʘ (ʄʦʩʢʚʘ, 2005), ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʏʝʣʦʚʝʢ ʠ ʝʛʦ ʟʜʦʨʦʚʴʝè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2006), 3-ʝʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ 



 

 

 

8 

ʢʦʥʬʝʨʝʥʮʠʠ çʄʫʞʩʢʦʝ ʟʜʦʨʦʚʴʝè (ʄʦʩʢʚʘ, 2006), IX ɺʩʝʨʦʩʩʠʡʩʢʦʤ 

ʧʦʧʫʣʷʮʠʦʥʥʦʤ ʩʝʤʠʥʘʨʝ çʆʩʦʙʴ ʠ ʧʦʧʫʣʷʮʠʷ ï ʩʪʨʘʪʝʛʠʷ ʞʠʟʥʠè (ʋʬʘ, 2006), 2nd 

International Congress of Anthropology (Athens, 2006), 5th ISABS Conference in 

Forensic Genetics and Molecular Anthropology (Split, 2007), Vth International 

Anthropological Congress of Ales Hrdlicka (Prague, 2009), V ʉʲʝʟʜʝ ɺʘʚʠʣʦʚʩʢʦʛʦ 

ʆʙʱʝʩʪʚʘ ɻʝʥʝʪʠʢʦʚ ʠ ʉʝʣʝʢʮʠʦʥʝʨʦʚ (ʄʦʩʢʚʘ, 2009), 6th ISABS Conference on 

Human Genome Project Based Applications in Forensic Science, Anthropology and 

Individualized Medicine (Split, 2009), IV ʩʲʝʟʜʝ ʈʦʩʩʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʤʝʜʠʮʠʥʩʢʠʭ 

ʛʝʥʝʪʠʢʦʚ (ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 2010). 

ɼʝʢʣʘʨʘʮʠʷ ʣʠʯʥʦʛʦ ʫʯʘʩʪʠʷ ʘʚʪʦʨʘ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʯʥʦ 

ʘʚʪʦʨʦʤ. ɸʚʪʦʨ ʷʚʣʷʣʩʷ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʠ ʫʯʘʩʪʥʠʢʦʤ ʚʩʝʭ ʵʢʩʧʝʜʠʮʠʡ ʧʦ ʩʙʦʨʫ 

ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ ʫ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ; ʦʩʫʱʝʩʪʚʣʷʣ 

ʚʳʜʝʣʝʥʠʝ ɼʅʂ ʠʟ ʦʙʨʘʟʮʦʚ ʢʨʦʚʠ; ʧʨʦʚʦʜʠʣ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ɼʅʂ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʣ ʧʦʣʠʤʝʨʘʟʥʫ  ʁʮʝʧʥʫ  ʁʨʝʘʢʮʠʶ ɼʅʂ, ʨʝʩʪʨʠʢʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʬʨʘʛʤʝʥʪʦʚ, ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʢʦʜʠʨʫʶʱʝʛʦ ʨʝʛʠʦʥʘ ʠ ʛʠʧʝʨʚʘʨʠʘʙʝʣʴʥʦʛʦ 

ʩʝʛʤʝʥʪʘ 1/2 ʤʪɼʅʂ ʠ ʮʝʣʳʭ ʤʦʣʝʢʫʣ ʤʪɼʅʂ; ʩʝʢʚʝʥʠʨʦʚʘʥʠʝ ʨʷʜʘ ʬʨʘʛʤʝʥʪʦʚ Y-

ʭʨʦʤʦʩʦʤʳ, ʨʝʩʪʨʠʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠ ʘʥʘʣʠʟ STR Y-ʭʨʦʤʦʩʦʤ;r ʚʳʧʦʣʥʷʣ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʠ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ; ʦʬʦʨʤʣʷʣ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʚʠʜʝ ʩʪʘʪʝʡ. ʉʫʤʤʘʨʥʦ ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʘʚʪʦʨʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 90%. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʘ ̫ʩ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ ʥʫʢʣʝʦʪʠʜʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʪɼʅʂ, ʘʥʘʣʠʟʦʤ ʢʦʜʠʨʫʶʱʝʛʦ ʨʝʛʠʦʥʘ ʤʪɼʅʂ, ʘ ʪʘʢʞʝ 

ʘʥʘʣʠʟʦʤ Y-ʭʨʦʤʦʩʦʤ rʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʘʟʝ ʕʩʪʦʥʩʢʦʛʦ ʙʠʦʮʝʥʪʨʘ (ʛ.ʊʘʨʪʫ, 

ʕʩʪʦʥʠʷ). ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʦʛʨʦʤʥʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʜʠʨʝʢʪʦʨʫ ʕʩʪʦʥʩʢʦʛʦ 

ʙʠʦʮʝʥʪʨʘ ʧʨʦʬʝʩʩʦʨʫ ʈʠʭʘʨʜʫ ɺʠʣʣʝʤʩʫ ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ʟʘ 

ʧʣʦʜʦʪʚʦʨʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʥʝʪʠʢʠ ʯʝʣʦʚʝʢʘ ʀɹɻ ʋʅʎ ʈɸʅ ʈʠʪʝ ʍʫʩʘʠʥʦʚʦʡ, ʉʝʨʛʝʶ 

ʃʠʪʚʠʥʦʚʫ, ʈʫʩʣʘʥʫ ɺʘʣʠʝʚʫ, ʧʨʠʥʠʤʘʚʰʠʤ ʫʯʘʩʪʠʝ ʚ ʵʢʩʧʝʜʠʮʠʷʭ, ʘ ʪʘʢʞʝ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ 

ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʚʩʝʤ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʥʘʨʦʜʦʚ ʂʘʚʢʘʟʘ ʟʘ ʙʝʟʚʦʟʤʝʟʜʥʦʝ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʙʦʪʘ ʧʦʣʫʯʠʣʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʄʂ-488.2006.4 ʠ ʄʂ-2035.2008.4, ʘ ʪʘʢʞʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 04-04-48678-ʘ ʠ 07-04-01016-ʘ. 
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ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 34 ʨʘʙʦʪ,r ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʞʫʨʥʘʣʘʭ ʠʟ 

ʧʝʨʝʯʥʷ ɺɸʂ - 25 ʩʪʘʪʝʡ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 305 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʚʢʣʶʯʘʝʪ 

19 ʪʘʙʣʠʮ ʠ 35 ʨʠʩʫʥʢʦʚ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, 

ʦʧʠʩʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, 3-ʭ ʛʣʘʚ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪ r

ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ, ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 445 

ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 413 ʟʘʨʫʙʝʞʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ ʧʨʠʣʦʞʝʥʠʷ. 
 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ɼʅʂ 23 ʧʦʧʫʣʷʮʠʡ ʂʘʚʢʘʟʘ, 

ʩʦʙʨʘʥʥʳʭ ʚ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2004 ʛʛ. ʇʨʦʙʳ ʢʨʦʚʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʫ ʚʟʨʦʩʣʳʭ 

ʠʥʜʠʚʠʜʦʚ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʘʥʢʝʪʳ ʠ ʧʦʜʧʠʩʘʥʠʝʤ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʛʣʘʩʠʷ. ɺ 

ʧʦʧʫʣʷʮʠʦʥʥʳʝ ʚʳʙʦʨʢʠ ʚʢʣʶʯʘʣʠʩʴ ʟʜʦʨʦʚʳʝ ʥʝʨʦʜʩʪʚʝʥʥʳʝ ʠʥʜʠʚʠʜʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʢʝʪʠʨʦʚʘʥʠʷ, ʵʪʥʠʯʝʩʢʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʫʯʠʪʳʚʘʣʘʩʴ ʜʦ ʪʨʝʪʴʝʛʦ ʧʦʢʦʣʝʥʠʷ. ʆʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʩʫʤʤʘʨʥʦʡ ʚʳʙʦʨʢʠ ʧʨʠ 

ʘʥʘʣʠʟʝ ʧʦʧʫʣʷʮʠʡ ʂʘʚʢʘʟʘ ʩʦʩʪʘʚʠʣʘ 2236 ʯʝʣʦʚʝʢ (ʪʘʙʣ. 1). 

ʇʨʦʜʫʢʪ ʧʦʣʠʤʝʨʘʟʥʦʡ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ (ʇʎʈ), ʩʦʜʝʨʞʘʱʠʡ 

ʛʠʧʝʨʚʘʨʠʘʙʝʣʴʥʳʡ ʩʝʛʤʝʥʪ I ʠ II  (ɻɺʉ I ʠ II) ʤʪɼʅʂ, ʘʤʧʣʠʬʠʮʠʨʦʚʘʣʠ ʠ 

ʦʯʠʱʘʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʘʙʦʨʘ ExoSAP-IT òApplied Biosystemsò. ʅʫʢʣʝʦʪʠʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ɻɺʉ1 (16024ð16400 ʧ.ʥ.) ʠ ɻɺʉ1I (70-350) ʤʪɼʅʂ 

ʩʝʢʚʝʥʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ DYEnamictm ET terminator cycle sequencing premix kit 

(ñAmersham Pharmacia Biotechò, ʐʚʝʮʠʷ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʩʝʢʚʝʥʘʪʦʨʝ MegaBase1000. ɺʳʨʘʚʥʠʚʘʥʠʝ ʠ ʘʥʘʣʠʟ 

ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ Genetics Computer Group Wisconsin Package GCG Version 

10.0, ʘ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ MEGA version 3.0. 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʛʘʧʣʦʛʨʫʧʧʘʤ ʫʩʪʘʥʘʚʣʠʚʘʣʠ, ʩʨʘʚʥʠʚʘʷ 

ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʥʫʢʣʝʦʪʠʜʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ɻɺʉ1 ʩ ʢʝʤʙʨʠʜʞʩʢʠʤ 

ʵʪʘʣʦʥʥʳʤ ʩʠʢʚʝʥʩʦʤ [Andrews et al., 1999] ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʩʦʛʣʘʩʥʦ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʟʘʧʘʜʥʦ- ʠ ʚʦʩʪʦʯʥʦʝʚʨʘʟʠʡʩʢʠʭ ʛʘʧʣʦʛʨʫʧʧ ʤʪɼʅʂ 

[Torroni et al., 1992; Torroni et al., 1994b; Torroni et al., 1996; Richards et al., 1998; 

Macaulay et al., 1999; Finnila et al., 2001; Herrnstadt et al., 2002; Kivisild et al., 2002; 

Comas et al., 2004; Yao et al., 2004]. 
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ʊʘʙʣʠʮʘ 1. ʄʝʩʪʘ ʩʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʲʝʤʳ ʚʳʙʦʨʦʢ ʠʟʫʯʝʥʥʳʭ ʧʦʧʫʣʷʮʠʡ 

ʇʦʧʫʣʷʮʠʠ ʄʝʩʪʦ ʩʙʦʨʘ ʤʘʪʝʨʠʘʣʘ 
ʃʠʥʛʚʠʩʪʠʯʝʩʢʘʷ 

ʩʝʤʴʷ 

N 

ʤʪɼʅʂ 

N 

Y ʭʨ 

N 

Alu 

ɸʙʘʟʠʥʳ ʂʘʨʘʯʘʝʚʦ-ʏʝʨʢʝʩʠ ̫ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 105 88 46 

ɸʙʭʘʟʳ ʈʝʩʧʫʙʣʠʢʘ ɸʙʭʘʟʠʷ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 135 162 96 

ɸʜʳʛʝʡʮʳ ɸʜʳʛʝʷ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 155 154 85 

ɸʥʜʠʡʮʳ ɼʘʛʝʩʪʘʥ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 62 49 54 

ɸʨʤʷʥʝ ʈʝʩʧʫʙʣʠʢʘ ɸʙʭʘʟʠʷ, ɸʨʤʝʥʠʷ ʀʥʜʦʝʚʨʦʧʝʡʩʢʘʷ 57 57 42 

ɸʚʘʨʮʳ ɼʘʛʝʩʪʘʥ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 61 42 42 

ɹʘʛʫʘʣʠʥʮʳ ɼʘʛʝʩʪʘʥ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 33 28 31 

ɹʘʣʢʘʨʮʳ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʠʷ ɸʣʪʘʡʩʢʘʷ 140 135 89 

ʏʘʤʘʣʠʥʮʳ ɼʘʛʝʩʪʘʥ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 34 27 35 

ʏʝʯʝʥʮʳ ʏʝʯʝʥʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 176 165 68 

ʏʝʨʢʝʩʳ ʂʘʨʘʯʘʝʚʦ-ʏʝʨʢʝʩʠʷ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 123 126 72 

ɼʘʨʛʠʥʮʳ ɼʘʛʝʩʪʘʥ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 110 67 62 

ʀʥʛʫʰʠ ʀʥʛʫʰʝʪʠʷ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 103 105 88 

ʂʘʙʘʨʜʠʥʮʳ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʠʷ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 149 140 58 

ʂʘʨʘʯʘʝʚʮʳ ʂʘʨʘʯʘʝʚʦ-ʏʝʨʢʝʩʠ ̫ ɸʣʪʘʡʩʢʘʷ 106 69 88 

ʂʫʤʳʢʠ ɼʘʛʝʩʪʘʥ ɸʣʪʘʡʩʢʘʷ 110 73 52 

ʃʝʟʛʠʥʳ ɼʘʛʝʩʪʘʥ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 46 31 47 

ʄʝʛʨʝʣʳ ʈʝʩʧʫʙʣʠʢʘ ɸʙʭʘʟʠʷ ʂʘʨʪʚʝʣʴʩʢʘʷ 77 65 72 

ʅʦʛʘʡʮʳ 

ʢʫʙʘʥʩʢʠʝ 
ʂʘʨʘʯʘʝʚʦ-ʏʝʨʢʝʩʠ ̫ ɸʣʪʘʡʩʢʘʷ 131 87 57 

ʂʘʨʘʥʦʛʘʡʮʳ ʈʝʩʧʫʙʣʠʢʘ ɼʘʛʝʩʪʘʥ ɸʣʪʘʡʩʢʘʷ 130 76 56 

ʉʝʚ. ʆʩʝʪʠʥʳ ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ-ɸʣʘʥʠʷ ʀʥʜʦʝʚʨʦʧʝʡʩʢʘʷ 140 132 182 

ʖʞ. ʆʩʝʪʠʥʳ ʉʝʚʝʨʥʘʷ ʆʩʝʪʠʷ-ɸʣʘʥʠʷ ʀʥʜʦʝʚʨʦʧʝʡʩʢʘʷ 22 21 17 

ʊʘʙʘʩʘʨʘʥʳ ʈʝʩʧʫʙʣʠʢʘ ɼʘʛʝʩʪʘʥ ʉʝʚʝʨʦʢʘʚʢʘʟʩʢʘʷ 52 43 46 

 

ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʣʠʥʠʡ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʛʘʧʣʦʛʨʫʧʧʘʤ ʤʪɼʅʂ 

ʧʦʜʪʚʝʨʞʜʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ 49 ʤʘʨʢʝʨʦʚ ʢʦʜʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ ʠ 

ʛʠʧʝʨʚʘʨʠʘʙʝʣʴʥʦʛʦ ʩʝʛʤʝʥʪʘ 2 ʤʪɼʅʂ (7028, 14766, 73, 11719, 72, 15904, 4580, 

12308, 11467, 12372, 13104, 14139, 4646, 7055, 6386, 9055, 13708, 3010, 14798, 

7476, 5633, 13368, 12633, 4216, 8281-9, 249, 12406, 12705, 14470, 1719, 12501, 

10238, 10398, 8251, 5417, 10034, 8994, 8251, 663, 10873, 10400, 12403, 12346, 

13263, 7196, 8584, 5178, 7598, 4833). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʘʧʣʦʛʨʫʧʧ Y-ʭʨʦʤʦʩʦʤʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 61 ʤʘʨʢʝʨ 

ʥʝʨʝʢʦʤʙʠʥʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ Y-ʭʨʦʤʦʩʦʤʳ: M9, M89, YAP (M1), M174, M40, 

M35, M78, M81, M123, M130, M48, 12f2, M267, M62, PAGE8(P58), M172, M12, 

M102, M201, M285, M342, P20, P15, P16, M286, M287, Page19, M170, M253, M438, 

P37, M223, M52, M231, Tat (M46), P43, Del, M128, M175, M20, M11, M22, M70, 
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92R7, M207, M242, M173, M306, SRY1532, M17, M458, M198, M73, M478, M269, 

M343, M124, M207, M168, M436, M410. ɸʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʧʦʣʠʤʦʨʬʠʟʤʦʚ 

ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʩʪʨʠʢʪʘʟ ʠʣʠ 

ʤʝʪʦʜʦʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʨʠ ʠʭ ʦʪʩʫʪʩʪʚʠʠ ʩʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ 

ʧʨʦʪʦʢʦʣʘʤ [Casanova et al., 1985; Mathias et al., 1994; Hammer, Horai, 1995; 

Whitfield et al., 1995; Zerjal et al., 1997; Raitio et al., 2001; Underhill et al., 2001; 

Cruciani et al., 2002; Karafet et al., 2002; Cinnioglu et al., 2004; Regueiro et al., 2006; 

Karafet et al., 2008]. ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʛʘʧʣʦʛʨʫʧʧ Y-

ʭʨʦʤʦʩʦʤʳ, ʧʨʝʜʣʦʞʝʥʥʘ ̫ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʢʦʥʩʦʨʮʠʫʤʦʤ ʧʦ Y-ʭʨʦʤʦʩʦʤʝ 

[YCC, 2002] ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʠʩʧʨʘʚʣʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ [Jobling, Tyler-

Smith, 2003; Karafet et al., 2008; Underhill et al., 2009]. 

19 ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʣʦʢʫʩʦʚ (DYS19, DYS388, DYS389I, DYS389II, 

DYS390, DYS391, DYS392, DYS393, DYS439, DYS461, DYS385a, DYS385b, 

DYS437, DYS438, DYS448, DYS456, DYS458, DYS635, Y GATA H4) ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʩʝʢʚʝʥʘʪʦʨʝ MegaBace 1000. 17 ʤʘʨʢʝʨʦʚ ʙʳʣʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ Applied Biosystems AmpFlSTRÈ YfilerÊ Kit. ɼʚʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʨʢʝʨʘ DYS388 [de Knijff et al., 1997; Kayser et al., 1997] ʠ 

DYS461 [White et al. 1999] ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʪʜʝʣʴʥʦ. ɺ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ 

ʜʦʙʘʚʣʷʣʠ ʩʪʘʥʜʘʨʪ Et 400Rox. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʬʨʘʛʤʝʥʪʘ ʠ ʯʠʩʣʘ 

ʧʦʚʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ Genetic Profiler 2.2 (Amersham). 

ɺʨʝʤʷ ʢʦʘʣʝʩʮʝʥʮʠʠ ʧʦ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʤʠʢʨʦʩʘʪʝʣʣʠʪʥʳʭ ʤʘʨʢʝʨʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ Zhivotovsky et al. (2004) [Zhivotovsky et al., 2004]. 

ɸʤʧʣʠʬʠʢʘʮʠʶ ʣʦʢʫʩʦʚ, ʩʦʜʝʨʞʘʱʠʭ Alu-ʠʥʩʝʨʮʠʦʥʥʳʝ ʧʦʣʠʤʦʨʬʠʟʤʳ 

ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ ʦʧʫʙʣʠʢʦʚʘʥʥrʭ 

ʨʘʥʝʝ [Arcot et al., 1997; Stoneking et al., 1997; Arcot et al., 1998; Carroll et al., 2001]. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʘʟʠʨʦʚʘʣʩʷ ʥʘ ʯʘʩʪʦʪʘʭ ʣʠʥʠʡ ʠ ʛʘʧʣʦʛʨʫʧʧ ʤʪɼʅʂ 

ʠ Y-ʭʨʦʤʦʩʦʤʳ. ʏʘʩʪʦʪʳ ʛʘʧʣʦʛʨʫʧʧ ʠ ʣʠʥʠʡ ʤʪɼʅʂ ʠ Y-ʭʨʦʤʦʩʦʤʳ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʩʯʝʪʘ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʧʦ ʯʘʩʪʦʪʘʤ 

ʛʘʧʣʦʛʨʫʧʧ ʤʪɼʅʂ, Y-ʭʨʦʤʦʩʦʤʳ ʠ ʧʦ ʯʘʩʪʦʪʘʤ ʘʣʣʝʣʝʡ Alu ʠʥʩʝʨʮʠʡ ʦʮʝʥʠʚʘʣʠ 

ʩ ʧʦʤʦʱʴʶ ʪʦʯʥʦʛʦ ʪʝʩʪʘ ʥʘ ʧʦʧʫʣʷʮʠʦʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ [Raymond, Rousset, 

1995]. 

ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʫʢʣʝʦʪʠʜʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʤʪɼʅʂ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʝʜʠʘʥʥʳʭ 

ʩʝʪʝʡ [Bandelt et al., 1999], ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʘʢʝʪʝ ʧʨʦʛʨʘʤʤ Network 4.516 

(http://www.fluxus-engineering.com/sharenet.htm). ʇʦʣʠʤʦʨʬʠʟʤ ʜʣʠʥʳ ʧʦʣʠ-C 

ʪʨʘʢʪʦʚ ʚ ʫʯʘʩʪʢʝ 16180-16193, ʘ ʪʘʢʞʝ ʧʦʣʠʤʦʨʬʠʟʤ ʚ ʧʦʟʠʮʠʠ 16519 ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʤʝʜʠʘʥʥʳʭ ʩʝʪʝʡ ʥʘʤʠ ʥʝ ʫʯʠʪʳʚʘʣʩʷ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʜʠʩʪʘʥʮʠʠ r ʠ ʠʭ 

http://www.fluxus-engineering.com/sharenet.htm)ю
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ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʤʪɼʅʂ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ 

ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʤʫʪʘʮʠʡ ʤʝʞʜʫ ʣʠʥʠʝʡ-ʦʩʥʦʚʘʪʝʣʝʤ ʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʣʠʥʠʷʤʠ 

ɼʅʂ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʫʯʠʪʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʪʨʘʥʟʠʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 16090-16365 

ʤʪɼʅʂ [Forster et al., 1996; Saillard et al., 2000]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ POPSTR, ʣʶʙʝʟʥʦ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ɻ. 

ʍʘʨʧʝʥʜʠʥʛʦʤ, ʠ ʧʨʦʛʨʘʤʤʫ Statistica ʚʝʨʩʠʠ 6.0 (StatSoft Inc., USA). 

ʇʦʢʘʟʘʪʝʣʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ (h) [Nei, 1987] ʠ ʘʥʘʣʠʟ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʩʧʝʨʩʠʠ (AMOVA) [Excoffier et al., 1992] ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ ʧʘʢʝʪʝ 

ʧʨʦʛʨʘʤʤ ARLEQUIN, Ver 3.11 package 01 [Schneider et al., 2000]. ɿʥʘʯʠʤʦʩʪʴ Fst 

ʦʮʝʥʠʚʘʣʠ ʯʠʩʣʦʤ ʧʝʨʤʫʪʘʮʠʡ 10000. ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʥʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʩʪ ʄʘʥʪʝʣʷ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ Arlequin 3.11 (ʯʠʩʣʦ ʧʝʨʤʫʪʘʮʠʡ ʩʦʩʪʘʚʠʣʦ 1000). 

ɼʣʷ ʬʠʣʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥ  r ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʨʘʥʝʝ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ɻɺʉ1 ʤʪɼʅʂ 

ʚ ʧʦʧʫʣʷʮʠʷʭ ʢʦʨʝʥʥʦʛʦ ʥʘʩʝʣʝʥʠʷ ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʠ ʠ ɽʚʨʘʟʠʠ. ʉʫʤʤʘʨʥʳʡ 

ʦʙʲʝʤ ʙʘʟʳ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʦʩʪʘʚʠʣ ʩʚʳʰʝ 

35000 ʦʙʨʘʟʮʦʚ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ Alu ʠʥʩʝʨʮʠʷʤ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GenePop (version 3.3, 2001) [Rousset, Raymond, 1995]. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʛʝʥʦʪʠʧʦʚ ʟʘʢʦʥʫ ʍʘʨʜʠ-

ɺʘʡʥʙʝʨʛʘ ʧʨʦʚʦʜʠʣʠ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʤʝʪʦʜʫ ʮʝʧʠ ʄʘʨʢʦʚʘ [Nei, 1975]. 

 

 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ʇʦʣʠʤʦʨʬʠʟʤ ʤʪɼʅʂ ʚ ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ 

ʅʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 49 ʤʘʨʢʝʨʦʚ ʢʦʜʠʨʫʶʱʝʛʦ ʨʝʛʠʦʥʘ ʤʪɼʅʂ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʘʧʣʦʛʨʫʧʧ ʤʪɼʅʂ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʧʦʣʥʳʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʛʝʥʦʤʦʚ ʫ ʦʙʨʘʟʮʦʚ ʩ ʛʘʧʣʦʛʨʫʧʧʦʡ ʅ. ɺʩʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ 44 

ʛʘʧʣʦʛʨʫʧʧʘʤ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʘʧʣʦʛʨʫʧʧ ʤʪɼʅʂ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ 

ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʧʘʜʥʦʝʚʨʘʟʠʡʩʢʠʤ (HV, H, V, J, T, U, R1, N1a, 

N1b, N1c, W, X), ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʦʙʨʘʟʮʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʩʪʦʯʥʦʝʚʨʘʟʠʡʩʢʠʤ 

ʛʘʧʣʦʛʨʫʧʧʘʤ (A, B, C, D, E, F, G, Y, Z, M7-M13, R9 ʠ N9a). ʉʨʝʜʥʷʷ ʯʘʩʪʦʪʘ 

ʟʘʧʘʜʥʦʝʚʨʘʟʠʡʩʢʠʭ ʛʘʧʣʦʛʨʫʧʧ ʤʪɼʅʂ ʚ ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ ʩʦʩʪʘʚʣʷʝʪ 88.58%, 

ʦʜʥʘʢʦ ʝʩʣʠ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʧʫʣʷʮʠʠ ʂʘʚʢʘʟʘ ʙʝʟ ʥʦʛʘʡʮʝʚ, ʪʦ ʯʘʩʪʦʪʘ 

ʟʘʧʘʜʥʦʝʚʨʘʟʠʡʩʢʠʭ ʣʠʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 92.78%. ʉʦʦʪʥʦʰʝʥʠʝ ʟʘʧʘʜʥʦ- ʠ 
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ʚʦʩʪʦʯʥʦʝʚʨʘʟʠʡʩʢʠʭ ʣʠʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 77.86 ʠ 20.61% ʫ ʢʫʙʘʥʩʢʠʭ ʥʦʛʘʡʮʝʚ ʠ 

53.08 ʠ 46.92% ʫ ʢʘʨʘʥʦʛʘʡʮʝʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʥʦʚʥʫʶ ʜʦʣʶ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʧʫʣʘ ʂʘʚʢʘʟʘ ʩʦʩʪʘʚʣʷʶʪ ʛʘʧʣʦʛʨʫʧʧʳ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ 

ʚʳʩʦʢʘ ʚ ʧʦʧʫʣʷʮʠʷʭ ʧʝʨʝʜʥʝʡ ɸʟʠʠ. ʂ ʪʘʢʦʚʳʤ ʦʪʥʦʩʷʪʩʷ ʛʘʧʣʦʛʨʫʧʧʳ HV, J, T, 

R1, N1a, N1b, N1c, W, X, ʘ ʪʘʢʞʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʙʢʣʝʡʜʦʚ ʛʘʧʣʦʛʨʫʧʧ H ʠ U. 

 

ʌʠʣʦʛʝʦʛʨʘʬʠʷ ʛʘʧʣʦʛʨʫʧʧʳ H 

ʅʘʤʠ ʧʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʫʙʢʣʝʡʜʦʚ ʛʘʧʣʦʛʨʫʧʧʳ ʅ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʨʢʝʨʦʚ ʢʦʜʠʨʫʶʱʝʛʦ ʨʝʛʠʦʥʘ ʤʪɼʅʂ, ʘ ʪʘʢʞʝ 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʠʟʘ ʮʝʣʳʭ ʤʦʣʝʢʫʣ ʤʪɼʅʂ ʚ ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ 

ʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ. ʆʧʠʩʘʥʦ ʜʚʘ ʥʦʚʳʭ ʢʣʝʡʜʘ ʚʥʫʪʨʠ ʛʘʧʣʦʛʨʫʧʧʳ ʅ1: ʅ1ʩ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʪʨʘʥʟʠʮʠʝʡ ʚ ʧʦʟʠʮʠʠ 477, ʠ H1d, ʦʧʨʝʜʝʣʷʝʤʳʡ ʪʨʘʥʟʠʮʠʝʡ ʚ 

ʧʦʟʠʮʠʠ 456. ʉʨʝʜʠ ʥʘʰʠʭ ʦʙʨʘʟʮʦʚ ʠʟ ʂʘʚʢʘʟʘ, ʘ ʪʘʢʞʝ ʇʝʨʝʜʥʝʡ ɸʟʠʠ ʤʳ 

ʚʳʷʚʠʣʠ 5 ʦʙʨʘʟʮʦʚ ʩ ʟʘʤʝʥʦʡ ʚ ʧʦʟʠʮʠʠ 1438, ʷʚʣʷʶʱʝʡʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʜʣʷ 

ʛʘʧʣʦʛʨʫʧʧʳ H2, ʥʦ ʙʝʟ ʤʫʪʘʮʠʠ ʚ ʩʘʡʪʝ 4769, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʦʟʤʦʞʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʘʧʣʦʛʨʫʧʧʳ ʅ2 ʟʘ 

ʧʨʝʜʝʣʘʤʠ ɽʚʨʦʧʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʨʘʥʝʝ ʦʥ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʜʘʥʥʦʤ 

ʨʝʛʠʦʥʝ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫ ʬʠʥʥʦʚ [Finnila et al. 2001]. 

ɺ ʮʝʣʦʤ, ʥʘʤʠ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʘʷ ʬʠʣʦʛʝʥʠʷ ʚʥʫʪʨʠ 

ʛʘʧʣʦʛʨʫʧʧʳ H ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʣʴʢʦ ʜʣʷ ʂʘʚʢʘʟʘ ʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ 

ʛʘʧʣʦʛʨʫʧʧ, ʧʨʠʯʝʤ ʬʠʣʦʛʝʦʛʨʘʬʠʷ ʠ ʚʨʝʤʷ ʢʦʘʣʝʩʮʝʥʮʠʠ ʥʝʢʦʪʦʨʳʭ ʠʟ 

ʦʧʠʩʘʥʥʳʭ ʥʘʤʠ ʩʫʙʢʣʝʡʜʦʚ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʘʚʢʘʟʘ (ʪʘʙʣ. 2). 

ʆʜʥʠʤ ʠʟ ʩʫʙʢʣʝʡʜʦʚ ʛʘʧʣʦʛʨʫʧʧʳ ʅ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ, ʷʚʣʷʝʪʩʷ ʅ13, ʯʪʦ, ʥʘʨʷʜʫ ʩ ʦʮʝʥʝʥʥʳʤ 

ʚʨʝʤʝʥʝʤ ʢʦʘʣʝʩʮʝʥʮʠʠ ʚ 31000 ʣʝʪ ʧʦ ʜʘʥʥʳʤ ɻɺʉ-1 ʠ ʦʢʦʣʦ 25000 ʣʝʪ ʧʨʠ 

ʨʘʩʯʝʪʝ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʢʦʜʠʨʫʶʱʝʤ ʨʝʛʠʦʥʝ ʤʪɼʅʂ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʝʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʛʦ ʂʘʚʢʘʟʘ ʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ. ɽʝ ʵʢʩʧʘʥʩʠʷ 

ʥʘʯʘʣʘʩʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʫʙʛʨʫʧʧ ʅ3, ʅ9, 

ʅ10, ʅ19, ʪʦ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʧʫʣʷʮʠʷʭ ʚ 

ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ. ʈʘʥʝʝ ʛʘʧʣʦʛʨʫʧʧʳ ʅ3, ʅ9 ʠ ʅ10 ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ɽʚʨʦʧʳ [Herrnstadt et al., 2002; Achilli et al., 2004; Loogvali et al., 2004], ʦʜʥʘʢʦ ʅ19 

ʢʘʢ ʦʪʜʝʣʴʥʳʡ ʢʣʝʡʜ ʩ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʪʨʘʥʟʠʮʠʝʡ 14869 ʥʘʤʠ ʦʧʠʩʘʥ ʟʜʝʩʴ 

ʚʧʝʨʚʳʝ. ʇʦʤʠʤʦ ʅ19, ʥʘʤʠ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʜʚʝ ʥʦʚʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʫʙʛʨʫʧʧʳ ʅ: ʅ20 ʠ ʅ21. ɻʘʧʣʦʛʨʫʧʧʘ ʅ20 ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʘʥʟʠʮʠʝʡ ʚ ʧʦʟʠʮʠʠ 

16218 ʠ ʪʨʘʥʩʚʝʨʩʠʝʡ ʉ-ɸ ʚ ʧʦʟʠʮʠʠ 16328, ʘ ʢʣʝʡʜ ʅ21 ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʘʥʟʠʮʠʝʡ 

8994.  
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ʊʘʙʣʠʮʘ 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʦʪ ʩʫʙʛʨʫʧʧ ʛʘʧʣʦʛʨʫʧʧʳ ʅ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʂʘʚʢʘʟʘ ʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ 
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ʥ
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ʂ
ʘ
ʨ
ʘ
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ʝ
ʚ
ʮ
ʳ
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ʙ
ʘ
ʣ
ʢ
ʘ
ʨ
ʮ
ʳ

 

ʉ
ʠ
ʨ
ʠ
ʡ
ʮ
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ʃ
ʠ
ʚ
ʘ
ʥ
ʮ
ʳ

 

ʀ
ʦ
ʨ
ʜ
ʘ
ʥ
ʮ
ʳ

 

ɸ
ʨ
ʘ
ʙ
ʳ

 

H1 3010 13.3 7.4 6.7 14.5 11.4 13.3 18.0 0 20.6 9.1 7.7  

H1a 3010-16162 2.2 0 0 0 0 0 8.0 0 0 0 0 

H1b 3010-16189-16356 1.1 0 0 1.4 0 2.2 10.0 0 0 0 0 

H2 1438 3.3 9.3 3.3 5.8 25.0 2.2 12.0 10.7 5.9 6.1 15.4  

H2a 1438-4769 3.3 7.4 3.3 5.8 25.0 2.2 12.0 3.6 2.9 3.0 15.4  

H2a1 1438-4769-951 1.1 7.4 3.3 4.3 6.7 2.2 8.0 0 2.9 3.0 13.5  

H2a4 1438-4769-11140 0 0 0 0 15.0 0 0 0 0 0 0 

H3 6776 0 0 0 1.4 1.7 0 4.0 0 0 0 0 

H4 5004 5.6 9.3 3.3 0 3.3 6.7 0 3.6 2.9 3.0 9.6  

H4b 5004-10166 3.3 5.6 0 0 3.3 0 0 3.6 2.9 3.0 9.6  

H5 456-16304 8.9 5.6 20.0 8.7 1.7 6.7 24.0 7.1 17.6 6.1 7.7  

H5a 456-16304-4336 2.2 1.9 0 0 1.7 0 0 0 5.9 0 0 

H6 239 1.1 3.7 0 5.8 8.3 4.4 0 10.7 0 0 15.4  

H7 4793 5.6 5.6 3.3 2.9 1.7 0 2.0 3.6 0 0 1.9  

H8 13101 1.1 1.9 0 0 1.7 0 0 7.1 0 0 0 

H11 8448 1.1 0 0 1.4 0 2.2 2.0 0 2.9 0 0 

H13 14872 6.7 7.4 13.3 5.8 15.0 2.2 4.0 7.1 8.8 6.1 5.8  

H13a1 14872-4745 3.3 1.9 3.3 4.3 15.0 2.2 2.0 3.6 5.9 3.0 1.9  

H13a2 14872-709 3.3 5.6 6.7 0 0 0 2.0 0 2.9 3.0 3.8  

H14 7645 1.1 5.6 0 1.4 1.7 0 2.0 3.6 5.9 9.1 3.8  

H18 13708 0 0 0 0 0 0 0 3.6 0 0 9.6  

H20 16328CA 3.3 3.7 6.7 0 0 2.2 4.0 3.6 0 3.0 0 

H21 8994 1.1 0 6.7 5.8 0 2.2 0 0 0 0 0 

N (H)  90 54 30 69 60 45 50 28 34 33 52 

ʏʘʩʪʦʪʘ ʅ (%) 25.0 30.9 15.6 29.5 22.3 15.2 24.6 17.6 20.3 19.0 10.5 

 

ɼʨʫʛʦʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚʝʪʚʴʶ ʛʘʧʣʦʛʨʫʧʧʳ ʅ ʢʘʢ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʂʘʚʢʘʟʘ, ʪʘʢ ʠ ʚ ʧʦʧʫʣʷʮʠʷʭ ɽʚʨʦʧʳ ʷʚʣʷʝʪʩʷ ʅ1. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ ʠ 

ʂʘʚʢʘʟʘ ʜʘʥʥʳʡ ʢʣʝʡʜ ʚʩʪʨʝʯʘʝʪʩʷ ʩʦ ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʦʡ 2.3%, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 11% 

ʦʪ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩ ʛʘʧʣʦʛʨʫʧʧʦʡ ʅ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʅ1 ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ (11-18%). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʢʘʨʘʯʘʝʚʮʝʚ ʠ ʙʘʣʢʘʨʮʝʚ ʚʩʝ 

ʦʙʨʘʟʮʳ ʅ1 ʧʨʠʥʘʜʣʝʞʘʪ ʜʚʫʤ ʩʫʙʢʣʝʡʜʘʤ ʅ1ʘ ʠ H1b ï ʜʚʫʤ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʩʫʙʢʣʝʡʜʘʤ ʅ1 ʚ ɽʚʨʦʧʝ. ʊʦ ʝʩʪʴ, ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʛʘʧʣʦʛʨʫʧʧʦʡ ʅ ʧʦʪʦʢ ʛʝʥʦʚ ʠʟ ɺʦʩʪʦʯʥʦ-
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ʝʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ ʚ ʢʘʚʢʘʟʩʢʠʝ ʧʦʧʫʣʷʮʠʠ, ʢʦʪʦʨʳʡ ʦʩʦʙʝʥʥʦ ʦʯʝʚʠʜʝʥ, ʝʩʣʠ 

ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʫʣ ʪʶʨʢʦʷʟʳʯʥʳʭ ʢʘʨʘʯʘʝʚʮʝʚ ʠ ʙʘʣʢʘʨʮʝʚ, ʛʜʝ 

ʪʠʧʠʯʥʳʝ ʝʚʨʦʧʝʡʩʢʠʝ ʩʫʙʛʨʫʧʧʳ ʅ, ʪʘʢʠʝ ʢʘʢ ʅ1ʘ, H1b ʠ ʅ3, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʩ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʥʥʘʷ ʤʠʛʨʘʮʠʷ ʙʳʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʘ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʥʘ ʬʦʥʝ ʯʘʩʪʦʪʳ ʧʨʦʯʠʭ ʩʫʙʛʨʫʧʧ H ʢʘʢ ʫ ʢʘʨʘʯʘʝʚʮʝʚ ʠ 

ʙʘʣʢʘʨʮʝʚ, ʪʘʢ ʠ ʚ ʧʨʦʯʠʭ ʧʦʧʫʣʷʮʠʷʭ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʜʣʷ ʂʘʚʢʘʟʘ ʠ ʧʨʝʜʧʦʣʘʛʘʶʱʠʤʠ 

ʘʚʪʦʭʪʦʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩʫʙʛʨʫʧʧʘʤʠ H ʷʚʣʷʶʪʩʷ ʅ20 ʠ ʅ21, ʚʳʷʚʣʝʥʥʳʝ ʩ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʫ ʤʝʛʨʝʣʦʚ. ʀʭ ʛʝʦʛʨʘʬʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝ ʦʯʝʥʴ 

ʰʠʨʦʢʘ ʠ ʵʪʠ ʜʚʝ ʩʫʙʛʨʫʧʧʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʘʢʞʝ ʚ ʧʦʧʫʣʷʮʠʷʭ ʉʠʨʠʠ ʠ 

ʀʦʨʜʘʥʠʠ, ʢʫʜʘ ʦʥʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʦʥʠʢʣʠ ʩ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʛʦ ʂʘʚʢʘʟʘ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʤʠʛʨʘʮʠʠ ʥʘ ʶʛ (ʪʘʙʣ. 2). 

ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʫʙʢʣʝʡʜʦʚ ʅ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʟʘʧʘʜʥʦ-ʢʘʚʢʘʟʩʢʠʭ 

ʧʦʧʫʣʷʮʠʷʭ, ʯʪʦ ʚʝʨʦʷʪʥʦ, ʦʪʨʘʞʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʘʥʥʦʡ ʛʘʧʣʦʛʨʫʧʧʳ ʥʘ 

ʩʝʚʝʨ ʩ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʏʝʨʥʦʛʦ ʤʦʨʷ, ʭʦʪʷ ʥʝʣʴʟʷ ʥʝʜʦʦʮʝʥʠʚʘʪʴ ʠ ʧʫʪʠ ʤʠʛʨʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʧʘʜʥʳʤ 

ʇʨʠʢʘʩʧʠʝʤ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʫʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ H ʚ ʧʦʧʫʣʷʮʠʷʭ ɼʘʛʝʩʪʘʥʘ 

(ʪʘʙʣ. 2). ʆ ʨʘʟʣʠʯʥʳʭ ʧʫʪʷʭ ʟʘʩʝʣʝʥʠʷ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ ʨʝʛʠʦʥʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʅ13ʘ1, ʢʦʪʦʨʘʷ, ʚʢʫʧʝ ʩ 

ʥʘʣʠʯʠʝʤ ʅ2ʘ4 ʠ ʅ6ʘ, ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʧʦʧʫʣʷʮʠʡ ɼʘʛʝʩʪʘʥʘ, ʚʳʜʝʣʷʷ 

ʜʘʥʥʳʡ ʨʝʛʠʦʥ ʩʨʝʜʠ ʜʨʫʛʠʭ ʧʦʧʫʣʷʮʠʡ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ. 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʩʫʙʛʨʫʧʧ ʛʘʧʣʦʛʨʫʧʧʳ H ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʦ 

ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ 

ʛʘʧʣʦʛʨʫʧʧʳ ʅ, ʥʝʞʝʣʠ ʤʳ ʩʝʡʯʘʩ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ 

ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʨʘʥʝʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʛʘʧʣʦʛʨʫʧʧʳ ʅ ʙʳʣʘ ʫʪʝʨʷʥʘ ʚ ʪʝʯʝʥʠʝ 

ʇʘʣʝʦʣʠʪʘ ʚ ʩʠʣʫ ʜʨʝʡʬʘ ʛʝʥʦʚ ʚ ʥʝʙʦʣʴʰʠʭ ʧʦʧʫʣʷʮʠʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʥʝʛʦ 

ʦʣʝʜʝʥʝʥʠʷ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ 

ʩʫʙʢʣʝʡʜʳ ʅ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʧʦʩʣʝʜʥʠʢʦʚʦʡ 

ʨʝʢʦʣʦʥʠʟʘʮʠʝʡ, ʙʳʣʠ ʪʘʢʞʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʦ ʇʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ 

ʤʘʢʩʠʤʫʤʘ, ʯʪʦ ʩʥʠʞʘʣʦ ʨʠʩʢ ʠʭ ʩʣʫʯʘʡʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠ ̫ʚ ʩʠʣʫ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʧʫʣʷʮʠʷʭ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʚʝʨʭʥʝʧʘʣʝʦʣʠʪʠʯʝʩʢʘʷ ʘʨʭʝʦʣʦʛʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʘʥʘʪʦʤʠʯʝʩʢʠ ʩʦʚʨʝʤʝʥʥʳʡ ʯʝʣʦʚʝʢ, ʩʫʱʝʩʪʚʦʚʘʣ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʛʦ ʂʘʚʢʘʟʘ 

ʙʦʣʝʝ ʯʝʤ 30000 ʣʝʪ ʥʘʟʘʜ, ʪʦ ʝʩʪʴ ʟʘʜʦʣʛʦ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ, 

ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦ ʦʮʝʥʢʝ ʚʨʝʤʝʥʠ ʢʦʘʣʝʩʮʝʥʮʠʠ 

ʩʫʙʛʨʫʧʧ ʛʘʧʣʦʛʨʫʧʧʳ H [Adler et al., 2006]. 
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ʌʠʣʦʛʝʦʛʨʘʬʠʷ ʛʘʧʣʦʛʨʫʧʧʳ U 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʫʣʘ ʢʘʚʢʘʟʩʢʠʭ ʧʦʧʫʣʷʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 

ʛʘʧʣʦʛʨʫʧʧʘ U, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʟʜʝʩʴ ʚʦʩʝʤʴʶ ʩʫʙʢʣʝʡʜʘʤʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʜʘʥʥʳʭ ʩʫʙʢʣʝʡʜʦʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʦʟʥʠʢʣʘ ʠ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʇʝʨʝʜʥʝʡ ɸʟʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʫʙʛʨʫʧʧʳ U, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʚʢʘʟʘ ʧʨʠʰʣʠ ʠʤʝʥʥʦ ʠʟ ʇʝʨʝʜʥʝʡ ɸʟʠʠ. ʂ ʪʘʢʦʚʳʤ ʦʪʥʦʩʷʪʩʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢʣʝʡʜʳ U1, U3, U7, ʪʘʢʞʝ, ʚʝʨʦʷʪʥʦ, ʩʫʙʢʣʝʡʜʳ U2, ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘ 

ʂʘʚʢʘʟʝ ʩ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʦʡ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. ʊʘʢ, U1 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ɽʚʨʦʧʝ ʠ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʦʜʥʘʢʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʧʦʧʫʣʷʮʠʷʭ ʇʝʨʝʜʥʝʡ ɸʟʠʠ, ʯʪʦ, ʚʢʫʧʝ ʩ ʝʝ ʥʝʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ 

ʥʘ ʂʘʚʢʘʟʝ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦʥʠʢʥʦʚʝʥʠʠ U1 ʚ ʜʘʥʥʳʡ ʨʝʛʠʦʥ ʠʤʝʥʥʦ 

ʩ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ. ʇʨʠ ʵʪʦʤ ʚ ʦʪʣʠʯʠʝ ʦʪ U1a, ʦʙʥʘʨʫʞʝʥʥʦʡ ʢʘʢ ʥʘ 

ʟʘʧʘʜʝ, ʪʘʢ ʠ ʥʘ ʚʦʩʪʦʢʝ ʂʘʚʢʘʟʘ, ʩʫʙʢʣʝʡʜ U1b ʙʳʣ ʚʳʷʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ, ʧʨʠʯʝʤ ʩ ʥʘʠʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʢʘʨʘʯʘʝʚʮʝʚ ʠ ʙʘʣʢʘʨʮʝʚ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ 

ʤʦʪʠʚʦʤ 16111-16214CA-16249-16290-16327 ɻɺʉ-1, ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʪʦʣʴ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʜʨʝʡʬ ʚ ʵʪʦʡ ʧʦʧʫʣʷʮʠʠ, ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʦ 

ʧʦʩʣʝʜʦʚʘʚʰʠʡ ʧʦʩʣʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ U1b ʥʘ ʂʘʚʢʘʟ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʏʝʨʥʦʛʦ ʤʦʨʷ. 

ɼʣʷ ʂʘʚʢʘʟʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʛʘʧʣʦʛʨʫʧʧʳ U3, ʯʪʦ ʚʧʦʣʥʝ 

ʦʞʠʜʘʝʤʦ, ʫʯʠʪʳʚʘʷ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʚʦʩʪʦʯʥʦʤ 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʝ. ʃʶʙʦʧʳʪʥʦ, ʯʪʦ ʨʘʥʝʝ ʚ ʦʪʥʦʰʝʥʠʠ U3 ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʜʘʥʥʳʡ ʤʘʨʢʝʨ ʥʘʨʷʜʫ ʩ ʛʘʧʣʦʛʨʫʧʧʘʤʠ J ʠ T ʤʦʞʝʪ ʙʳʪʴ 

ʤʘʨʢʝʨʦʤ ʥʝʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʩʝʣʝʥʠʷ ʩ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ. ʆʜʥʘʢʦ ʚʨʝʤʷ 

ʢʦʘʣʝʩʮʝʥʮʠʠ ʵʪʦʡ ʛʘʧʣʦʛʨʫʧʧʳ ʥʘ ʂʘʚʢʘʟʝ 32100Ñ11700 ʣʝʪ ʫʢʟʳʚʘʝʪ ʥʘ ʝʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʝʛʠʦʥʝ ʟʘʜʦʣʛʦ ʜʦ ʥʝʦʣʠʪʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ U7, ʦʩʥʦʚʦʡ ʧʫʪʴ ʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ ʂʘʚʢʘʟ ʰʝʣ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʝʨʝʟ 

ʇʨʠʢʘʩʧʠʡ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʝʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ɼʘʛʝʩʪʘʥʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʯʠʪʳʚʘʷ ʝʝ ʥʝʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ ʥʘ ʂʘʚʢʘʟʝ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʠʛʨʘʮʠʷ ʝʝ ʥʦʩʠʪʝʣʝʡ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʥʦʡ. ʊʘʢʞʝ ʜʦʚʦʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʙʳʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʣʝʡʜʘ U2, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʂʘʚʢʘʟʝ 

ʜʚʫʤʷ ʩʫʙʛʨʫʧʧʘʤʠ U2e ʠ U2d. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʥʜʠʡʩʢʠʝ ʧʦʜʚʝʪʚʠ U2 ʥʘ ʂʘʚʢʘʟʝ 

ʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ, ʘ ʚ ʜʘʛʝʩʪʘʥʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ ʜʘʥʥʘʷ ʛʘʧʣʦʛʨʫʧʧʘ 

ʚʩʪʨʝʯʘʣʘʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʠʛʨʘʮʠʷ U2 

ʟʘʪʨʦʥʫʣʘ ʂʘʚʢʘʟ ʣʠʰʴ ʯʘʩʪʠʯʥʦ, ʧʨʦʥʠʢʥʫʚ ʩʶʜʘ, ʚʝʨʦʷʪʥʦ, ʩ ʪʝʨʨʠʪʦʨʠʠ 

ʇʝʨʝʜʥʝʡ ɸʟʠʠ. 
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ʅʘʨʷʜʫ ʩ ʢʣʝʡʜʘʤʠ H1a, H1b ʠ H3 ʛʘʧʣʦʛʨʫʧʧʳ H ʝʱʝ ʦʜʥʠʤ ʤʘʨʢʝʨʦʤ 

ʝʚʨʦʧʝʡʩʢʦʛʦ ʚʣʠʷʥʠʷ ʷʚʣʷʶʪʩʷ ʛʘʧʣʦʛʨʫʧʧʳ U5 ʠ U8b. ɻʘʧʣʦʛʨʫʧʧʘ U5 ʚʦʟʥʠʢʣʘ 

ʚ ɽʚʨʦʧʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʦ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʟʘʩʝʣʝʥʠʷ ʢʦʥʪʠʥʝʥʪʘ [Richards et 

al., 2000; Finnila et al., 2001; Quintana-Murci et al., 2004; Olivieri et al., 2006; Pala et 

al., 2009]. ɺ ʇʝʨʝʜʥʝʡ ɸʟʠʠ U5 ʧʦʷʚʠʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʪʥʦʡ ʤʠʛʨʘʮʠʠ. ʅʝ 

ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʧʫʪʴ ʜʘʥʥʦʡ ʤʠʛʨʘʮʠʠ ʧʨʦʣʝʛʘʣ ʯʝʨʝʟ ʂʘʚʢʘʟ, ʚ ʚʠʜʫ ʪʦʛʦ ʯʪʦ 

ʠʤʝʥʥʦ ʥʘ ʖʞʥʦʤ ʂʘʚʢʘʟʝ ʠ ʩʦʩʝʜʥʠʭ ʩ ʥʠʤ ʨʝʛʠʦʥʘʭ ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʥʘʣʠʯʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʇʝʨʝʜʥʝʡ ɸʟʠʠ ʣʠʥʠʡ U5. ʅʘʰʠ ʜʘʥʥʳʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʜʘʥʥʦʡ ʛʘʧʣʦʛʨʫʧʧʳ ʥʘ ʂʘʚʢʘʟʝ ʩʦ ʩʨʝʜʥʠʤʠ ʯʘʩʪʦʪʘʤʠ, 

ʭʦʪʷ ʚ ʥʘʰʝʡ ʚʳʙʦʨʢʝ ʘʨʤʷʥ U5 ʥʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʘ ʥʝ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʚ ʧʦʧʫʣʷʮʠʷʭ ʙʘʛʫʘʣʠʥʮʝʚ ʠ ʯʘʤʘʣʠʥʮʝʚ, ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ 

ʧʦʧʫʣʷʮʠʷʭ ɼʘʛʝʩʪʘʥʘ ʝʝ ʯʘʩʪʦʪʘ ʜʦʩʪʠʛʘʣʘ 13% (ʫ ʘʚʘʨʮʝʚ, ʜʘʨʛʠʥʮʝʚ ʠ ʣʝʟʛʠʥ), 

ʯʪʦ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʛʦʨʥʳʝ ʧʦʧʫʣʷʮʠʠ ɼʘʛʝʩʪʘʥʘ ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʥʳʡ ʧʘʪʪʝʨʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʧʣʦʛʨʫʧʧ ʢʘʢ ʤʪɼʅʂ, ʪʘʢ ʠ Y-ʭʨʦʤʦʩʦʤʳ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ U8b, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʪʣʝʜʥʠʢʦʚʦʝ 

ʝʚʨʦʧʝʡʩʢʦʝ ʚʣʠʷʥʠʝ, ʥʘ ʂʘʚʢʘʟʝ ʜʘʥʥʘʷ ʛʘʧʣʦʛʨʫʧʧʘ ʦʢʘʟʘʣʘʩʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʦʚʦʣʴʥʦ ʩʣʘʙʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʪʦʤ, ʯʪʦ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʧʦ ʣʠʥʠʠ U8 ʤʠʛʨʘʮʠʷ 

ʠʟ ɽʚʨʦʧʳ ʥʘ ʂʘʚʢʘʟ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥʘ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʛʦʚʦʨʠʪ ʪʘʢʞʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʢʣʝʡʜʘ U8a ʚ ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ. 

 

ʌʠʣʦʛʝʦʛʨʘʬʠʷ ʛʘʧʣʦʛʨʫʧʧʳ HV 

ʅʘ ʂʘʚʢʘʟʝ ʢʣʝʡʜ HV ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʪʳʨʴʤʷ ʚʝʪʚʷʤʠ: HV*, HV0 HV1, HV2. 

ɺ ʚʠʜʫ ʚʳʩʦʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʢʣʝʡʜʘ ʚʘʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʝʛʦ 

ʦʪʜʝʣʴʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʵʪʦʡ ʛʘʧʣʦʛʨʫʧʧʳ ʥʘ 

ʂʘʚʢʘʟʝ. 

ɺ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ ʛʘʧʣʦʛʨʫʧʧʘ HV1 ʚʩʪʨʝʯʘʣʘʩʴ ʚ 14 

ʠʟ 23 ʧʦʧʫʣʷʮʠʡ. ɽʝ ʯʘʩʪʦʪʘ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 0.76% ʫ ʥʦʛʘʡʮʝʚ ʜʦ 4.17% ʫ ʶʞʥʳʭ 

ʦʩʝʪʠʥ. ʀʥʪʝʨʝʩʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʣʠʥʠʡ ʛʘʧʣʦʛʨʫʧʧʳ HV1, 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ, ʠʤʝʪʁ ʤʫʪʘʮʠʶ ʚ ʧʦʟʠʮʠʠ 16355, ʧʨʠ ʵʪʦʤ 

ʣʠʥʠʠ HV1 ʙʝʟ ʵʪʦʡ ʟʘʤʝʥʳ ʚʳʷʚʣʷʶʪʩʷ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʧʦʧʫʣʷʮʠʷʭ 

ʖʞʥʦʛʦ ʂʘʚʢʘʟʘ (ʘʨʤʷʥ, ʘʟʝʨʙʘʡʜʞʘʥʮʝʚ, ʛʨʫʟʠʥ), ʘ ʪʘʢʞʝ ʫ ʦʜʥʦʛʦ ʢʘʙʘʨʜʠʥʮʘ, 

ʪʦ ʝʩʪʴ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ HV1 ʚ ʧʦʧʫʣʷʮʠʷʭ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ 

ʭʘʨʘʢʪʝʨʠʨʠʟʫʶʪʩʷ ʟʘʤʝʥʦʡ ʚ ʧʦʟʠʮʠʠ 16355. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʜʠʥʠʯʥʳʝ 

ʣʠʥʠʠ ʛʘʧʣʦʛʨʫʧʧʳ HV1 ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʘʟʠʘʪʩʢʠʭ ʧʦʧʫʣʷʮʠʷʭ (ʢʘʟʘʭʦʚ, 

ʢʫʨʜʦʚ, ʙʘʨʛʫʪʦʚ, ʭʘʤʥʠʛʘʥ, ʙʫʨʷʪ ʠ ʷʢʫʪʦʚ) ʪʘʢʞʝ ʠʤʝʶʪ ʵʪʫ ʭʘʨʘʢʪʝʨʥʫʶ ʟʘʤʝʥʫ 

[Yao et al., 2004; ʌʝʜʦʨʦʚʘ, 2008; ɼʝʨʝʥʢʦ, 2009]. ʇʦʩʪʨʦʝʥʥʘʷ ʤʝʜʠʘʥʥʘʷ ʩʝʪʴ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʣʠʥʠʡ ʤʪɼʅʂ ʛʘʧʣʦʛʨʫʧʧʳ HV1 ʚ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ 
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ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʦʧʫʣʷʮʠʷʤ 

ɽʚʨʦʧʳ, ʇʝʨʝʜʥʝʡ ɸʟʠʠ ʠ ɸʟʠʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʚʝʟʜʦʦʙʨʘʟʥʫʶ ʬʠʣʦʛʝʥʠʶ (ʨʠʩ. 

1). ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ HV1 ʚʦʟʥʠʢʣʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ɸʬʨʠʢʠ/ɸʨʘʚʠʡʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʝʜʥʝʡ ɸʟʠʠ ʠ ɹʘʣʢʘʥ, ʘ ʪʘʢʞʝ ʚ 

ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʝ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʝ, ʘ ʜʨʫʛʘʷ ʚʝʪʚʴ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʚ 

ʧʦʧʫʣʷʮʠʷʭ ʇʝʨʝʜʥʝʡ ɸʟʠʠ ʠ ʂʘʚʢʘʟʘ. 

 

ʈʠʩʫʥʦʢ 1. ʄʝʜʠʘʥʥʘʷ ʩʝʪʴ ʛʘʧʣʦʛʨʫʧʧʳ HV1 ʚ ʧʦʧʫʣʷʮʠʷʭ ʂʘʚʢʘʟʘ 

(ʢʨʘʩʥʳʤ), ʇʝʨʝʜʥʝʡ ɸʟʠʠ (ʟʝʣʝʥʳʤ), ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʉʠʙʠʨʠ (ʞʝʣʪʳʤ), 

ɽʚʨʦʧʳ (ʩʠʥʠʤ). 

 

ʇʦʣʫʯʝʥʥʦʝ ʚʨʝʤʷ ʢʦʘʣʝʩʮʝʥʮʠʠ ʜʣʷ ʚʩʝʡ ʛʘʧʣʦʛʨʫʧʧʳ HV1 ʩʦʩʪʘʚʠʣʦ 

23700Ñ8300 ʣʝʪ, ʯʪʦ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ɼʝʨʝʥʢʦ (2009) ï 


